In this study, bromelain was isolated from pineapple (Ananas comosus [L]. Merr) core. The initial step of purification of bromelain crude enzymes was carried out by fractionation method using ammonium sulfate followed by ion exchange column chromatography. The highest specific activity of bromelain was obtained at ammonium sulfate fraction 20-50% with the value of 170.83 U/mg and give purity level 3.41 folds compared to crude enzyme extract. Further purification using ion exchange chromatography on DEAE Cellulose was able to increase the specific activity of bromelain to 274.7 U/mg with a purity level of 5.48 folds compared to crude enzyme extract. Determination of kinetics parameters of casein hydrolysis using purified bromelain was performed at optimum condition, ie of pH 7.0, temperature 37 O C and a substrate concentration of 1%. The K m and V max value obtained were 1.03% (w/v) and 0.6685 U/min, respectively. Cysteine, benzoic acid, and metal ions (Ca 2+ and Mg
INTRODUCTION
Bromelain is a proteolytic enzyme found in almost all plant tissues of familia Bromeliaceae, especially in pineapple (Ananas comosus [L] Merr). Enzyme contained in pineapple stem (EC 3.4.22.32) belongs to cysteine protease group, since the enzyme has sulfihydryl (SH) groups that play an important role in proteolytic activity. While the enzyme contained in pineapple flesh (EC 3.4.22.33) belongs to the acid protease group and has pI value of 4.6. Bromelain has been widely used in the therapeutic field to treat inflammation, autoimmunity and allergies, reversible inhibition of platelet aggregation, post-surgery recovery, and help increasing drugs absorption, especially antibiotics [1] .
Indonesia is the sixth largest pineapple producers in the world after Thailand, Brazil, Costa Rica, Philipine, and China [2] . Some of the largest pineapple producing areas in Indonesia are Subang, Bogor, Riau, Palembang, and Blitar [3] . Besides can be consumed as fresh fruit, pineapple can also be consumed in its processed form such as beverages, food, syrup, jam, etc. The side products of processing pineapple have potentials in producing waste of its non consumable parts like stem, skin, and core. Therefore, it is necessary to utilize pineapple waste efficiently which can give added value. In the previous study, isolation and purification of bromelain from pineapple core with several step such as fractionation process by precipitation method using ammonium sulfate, followed by dialysis and continued by purification using ion-exchange column chromatography had been done [4] . In this study, the purified bromelain was characterized by determining the kinetic parameters, i.e. K M and V max, using Michaelis-Menten and LineweaverBurk methods. The aim of this study was to observe the effect of Ca , cysteine, and benzoic acid as activators of isolated bromelain and to determine the class of pineapple bromelain. Pineapple core (about 500 grams) was diced and crushed using a blender until it is like mush. The slurry was filtered using a thin cloth, the the filtrate was centrifuged for 45 min (5000 rpm; 4°C) and the obtained supernatant was the crude enzyme.
MATERIALS AND METHODS
Purification crude extract is carried out by gradual fractionation method using ammonium sulfate at concentration range: 0-20%, 20-50%, and 50-80%. The suspension is then left for several hours to reach the precipitate equilibrium. The pellet (precipitate) is separated using a centrifuge at 5000 rpm, 4°C for 20 minutes.
The pellets obtained from each ammonium sulfate fraction are then dissolved in 0.2 M phosphate buffer, pH of 7.0 (cold). Protein and proteolytic activity for each fraction were then determined.
Enzyme fraction solution with the highest specific activity was then inserted to the cellophane pouch and immersed in 0.05 M phosphate buffer solution with pH of 7.0 under stirring using magnetic stirrer at 4°C. Buffer solution used was changed every 2 hours. Dialysis process is stopped if buffer solution was unable to produce white precipitate of BaSO 4 when tested with BaCl 2 under acidic condition.
The enzyme fraction is further purified using ionic exchange chromatography with DEAE-Cellulose column. The samples were first eluted in 0.05 M Tris-HCl with pH of 8, then followed by gradient elution using 0.05 M Tris-HCl buffer with pH of 8 containing NaCl salt with gradually increasing concentration from 0,25 M to 1 M [5] . All fractions (effluents 280 nm and measured its proteolytic activity.
The protein absorbance ( 280 nm) and proteolytic activity for each fraction was then measured. Fraction with the highest proteolytic activity was then grouped to determine its specific activity. The protein concentration of the bromelain fraction was determined by Lowry method [6] with BSA as standard protein. Whereas its proteolytic activity was determined with modified Kunitz method [7] using 1% casein as the substrate. The concentration of the activators like metallic ions Ca 2+ and Mg
2+
, cysteine, and benzoic acid were also varied from 0.1 mM to 0.5 mM from 0.1 M CaCl 2 and MgCl 2 , cysteine, and benzoic acid addition solutions with 0.1 mM interval in each variable. The absorbance of each mixture was then measured using UV-Vis spectrophotometer at 280 nm.
Several parameters for enzyme kinetics like Michaelis-Menten constant, maximum reaction rate were determined by plotting the enzyme with highest proteolytic activity as the substrate based from Lineweaver-Burk method [8] .
RESULTS AND DISCUSSION
Purification of the bromelain crude enzyme was carried out by 2 fractionation stages; precipitation method using ammonium sulfate followed by ion-exchange column chromatography. Table 1 showed the proteolytic activity, specific activity, and purity level of each fraction obtained after purification. The research showed that fraction 2 (20-50%) has specific activity of 170.83 U/mg with a purity level of 3.41 times from its crude enzyme extract. Fraction 2 has a higher specific activity value compared to Fraction 1 and Fraction 3. Further purification of fraction 2 was carried out using DEAE-Cellulose column chromatography using a combination of linear gradient elution system and stepwise gradient elution. The fractions obtained were measured at 280 nm wavelength and yielded five protein peaks (P1-P5). All fractions were also measured their proteolytic activity using Kunitz method. By diverting the value of proteolytic activity to the fraction, the peak of protein with the proteolytic activity of AP1-AP5 is obtained. After their specific activity is determined, these five peaks indicate a relatively high specific activity. The fraction of AP4 is a fraction of bromelain which has the highest specific activity value of 274.7 U / mg with a purity level of 5.48 times from its crude enzyme extract ( Fig. 1 and Table 2 ). To determine the kinetic parameters (K M and V max ) of bromelain fraction, the enzyme proteolytic activity is being measured as the reaction rate against the various concentrations of casein substrate. The data obtained by making the relationship between reaction rate with substrate concentration and Lineweaver-Burk based plot, obtained the value of Michaelis-Menten (K M ) constant of 1.03% (w/v) casein and V max value of 0.6685 U / min as shown in Fig.3 .
FIGURE 2. Lineweaver-Burk Plot of Casein Hydrolysis on Dialyzed Fraction 2 of Bromelain
In this study, the addition of Ca 2+ and Mg 2+ metal ions, cysteine, and benzoic acid, showed that all those compounds have the ability as relatively strong activator of enzyme activity. The proteolytic activity of bromelain is in line with the increasing concentration of the activator compound. The effect of the addition of cysteine and benzoic acid showed an increase in the higher bromelain proteolytic activity compared with the addition of metal ions (Ca 2 + and Mg
2+
). The highest enzyme activity was found in addition of 0.3 mM calcium ion of 317.69%. While the addition of magnesium metal ions is at 0.4 mM concentration of 282.06%. The highest proteolytic activity in addition of cysteine and benzoic acid compounds was found at 0.4 mM concentrations of 654.30% and 518.43%. In addition to the compound activators of calcium metal ions, magnesium metal ions, and benzoic acids with a concentration higher than 0.3 mM, it appears no longer shows a significant increase in bromelain proteolytic activity. occurrence of catalytic activity [9] . Whereas in addition of cysteine solution and benzoic acid solution, there are modification of bromelain conformation containing sulfihydryl group at its active center making it easier for substrate to interact with enzyme molecule. The proteolytic power of sulfihydryl bromelain will be highly active in the presence of a reducing agent. Cysteine as a reducing compound can increase the activity of bromelain by breaking the disulphide bond in cysteine present in the bromelain structure. If the disulfide bond is disconnected, a free disulfihydryl group will be obtained and increases the activity of the bromelain [10] .
FI GURE 3.Relationship between Proteolytic

CONCLUSIONS
The bromelain from the pineapple core (Ananas comosus [L.] Merr) has been successfully isolated and purified through several stages of purification using ammonium sulfate, dialysis, and ion-exchange column chromatography. Precipitation using ammonium sulfate gives the fraction 2 (20-50%) as the highest specific activity with the value of 170.83 U/mg and a purity level of 3.41 times from its crude enzyme extract. The purification step by column ion exchange chromatography produces fractions, with fraction AP4 as the fraction which has the highest specific activity of 274.7 U / mg and a purity level of 5.48 times from its crude enzyme extract. Calcium metal ions (Ca 2+ ), magnesium metal ions (Mg 2+ ), cysteine, and benzoic acid have been shown to be activators that increase the proteolytic activity of bromelain. This indicates that bromelain core is included in a class of cysteine proteases.
